


4/17/23, 10:39 AM Volume 3 | Issue 2 : Mar-Apr 2022 -

https://www.ijscia.com/volume-3-issue-2-mar-apr-2022/ 2/8

VOLUME 3 | ISSUE 2 : MAR - APR 2022

Archives

Current Issue

Past Issues

Call for Papers

Article Processing Charges

Sample Paper Format

Copyright Form

Call for papers

Submit Papers Online

Evaluating the Strategic Measures Responsible for Quality Concrete

Elements in Buildings in Onitsha Anambra State, Nigeria

  29 April 2022 •   Volume3 Issue 2

RETRACTED Evaluating the Strategic Measures Responsible for Quality Concrete Elements in Buildings in

Onitsha Anambra State, Nigeria Okechukwu C.O.1*, Okolie

Read More »

 https://doi.org/10.51542/ijscia.v3i2.27

Effect of Kinesio Taping with Fascia Manipulation Technique on Superficial

Back Line Over Hamstring Fascia to Increase the Range of Motion – An

Observational Study
  28 April 2022 •   Volume3 Issue 2

Effect of Kinesio Taping with Fascia Manipulation Technique on Superficial Back Line Over Hamstring Fascia

to Increase the Range of

Read More »

 https://doi.org/10.51542/ijscia.v3i2.26





4/17/23, 10:39 AM Volume 3 | Issue 2 : Mar-Apr 2022 -

https://www.ijscia.com/volume-3-issue-2-mar-apr-2022/ 3/8

Association of Chorioamnionitis with Neonatal Sepsis and Mortality Rate

Among Preterm Infants: A Meta-Analysis
  28 April 2022 •   Volume3 Issue 2

Association of Chorioamnionitis with Neonatal Sepsis and Mortality Rate Among Preterm Infants: A Meta-

Analysis Ni Made Indah Dwijayanti Atmaja1*, Martono

Read More »

 https://doi.org/10.51542/ijscia.v3i2.25

Indonesian Parents’ Evaluation of Developmental Status (PEDS) as

Developmental Screening Tool for 0-3 Years Old Children
  28 April 2022 •   Volume3 Issue 2

Indonesian Parents’ Evaluation of Developmental Status (PEDS) as Developmental Screening Tool for 0-3

Years Old Children Amelia Sholikhah1*, Irwanto1, Budi

Read More »

 https://doi.org/10.51542/ijscia.v3i2.24

Prolonged Use of Noninvasive Ventilation in COVID-19 Geriatric Patients

with Acute Respiratory Failure, can it be Tolerated?

  28 April 2022 •   Volume3 Issue 2

Prolonged Use of Noninvasive Ventilation in COVID-19 Geriatric Patients with Acute Respiratory Failure,

can it be Tolerated? Orizanov Mahisa1*, Bambang

Read More »

 https://doi.org/10.51542/ijscia.v3i2.23

The Role of TGF-β in the Pathogenesis of Type 1 Diabetes Mellitus

  25 April 2022 •   Volume3 Issue 2

The Role of TGF-β in the Pathogenesis of Type 1 Diabetes Mellitus Ike Wahyu Triastuti*, Roedi Irawan,

Anang Endaryanto, Nur

Read More »

 https://doi.org/10.51542/ijscia.v3i2.22

Raising Awareness for Pollution Prevention Measuring Individual Pollution

Indicators
  24 April 2022 •   Volume3 Issue 2

Raising Awareness for Pollution Prevention Measuring Individual Pollution Indicators Bekim Fetaji1*,

Majlinda Fetaji2, Monika Lutovska3, Sani Demiri4 Abstract The research

Read More »

 https://doi.org/10.51542/ijscia.v3i2.21

Cupping Therapy’s Role in Pain Management: A Literature Review

  22 April 2022 •   Volume3 Issue 2

Cupping Therapy’s Role in Pain Management: A Literature Review Arinda Putri Auna Vanadia1, Hanik

Badriyah Hidayati2* Abstract Pain is most

Read More »





4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 1/7





EDITORIAL BOARD

Editor-in-Chief

Dr. T. J. Ashaolu

Email: editor@ijscia.com, ijsciaeditor@gmail.com

Assistant Editor-in-Chief

Joseph O. Ashaolu

National Yang-Ming University, Taipei, Taiwan



4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 2/7

Beli Mobil Pasti Dapat Garansi
OLX Indonesia

Rp 199,0 JTRp 199,0 JT Rp 109,0 JTRp 109,0 JT Rp 80,0 JTRp 80,0 JT Rp 108,0 JTRp 108,0 JT

EDITORIAL MEMBERS

Prof. Emeritus MNO Sadiku
Prairie View A&M University

Texas, USA

Professor Ramesh C. Gupta
Former Vice Chancellor, Radha Govind University

Jharkhand, India 

Professor Massoud Kaykhaii
University of Sistan & Baluchestan

Zahedan, Iran 

Professor Elżbieta Macioszek
Silesian University of Technology

Gliwice, Poland

Professor Dariusz Jacek Jakobczak
Koszalin University of Technology

Koszalin, Poland

Asst. Prof. Esam AL Lawati
A’ Sharqiyah University
Ibra, Sultanate of Oman

Dr. S. A. O. Adeyeye
Ton Duc Thang University
Ho Chi Minh City, Vietnam

Asst. Prof. Ibrahim Khalifa
Benha University
Moshtohor, Egypt

Professor Dr. Ho Soon Min
INTI International University

Nilai, Malaysia

Dr. B. J. Alegbeleye
St Elizabeth Catholic General Hospital

Kumbo-Nso, Cameroon

Dr. Ridwan Babatunde Ibrahim
Academia Sinica

Taipei, Taiwan



4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 3/7

Prof. Dr. Eng. Ahmed kadhim Hussein
Babylon University

Babylon City, Hiila, Iraq

Dr. Murat Basar
IVF Laboratories Bahçeci Sağlık Grubu

Istanbul, Turkey

Dr. Bassam Saeed
Farah Association for Child with Kidney Disease

Damascus, Syria

Asst. Prof. Selezneva Irina Stanislavovna
Ural Federal University
Yekaterinburg, Russia

Professor Michael Gr. Voskoglou
GTES Institute of Western Greece 

Patras, Greece

Assoc. Prof. Thoudam Paraskumar Singh
MGM College of Engineering and Technology Kamothe, 

Navi Mumbai, India

Dr. Isaac Delali Kottoh
Ghana Atomic Energy Commission

Accra, Ghana

Assoc. Prof. Godfred A Menezes
RAK Medical & Health Sciences University

Ras Al Khaimah, United Arab Emirate

Assoc. Prof. Syed Kamran Sami
Balochistan University of Information Technology

Quetta, Pakistan

Asst. Prof. Muhammad Amin
Balochistan University of Information Technology

Quetta, Pakistan

Ma. Gladys B. Aquino
De La Salle Medical and Health Sciences Institute

Dasmariñas, Philippines

Assoc. Prof. Vahe Davtyan 
Brusov State University

Yerevan, Armenia

Dr. Sylvain Somé Marie
National Yang-Ming University

Taipei, Taiwan

Professor Teresa Orbera
University of Oriente

Santiago de Cuba, Cuba

Dr. Magdaline Joseph Kwaji
Bioresources Development Center

Odi, Bayelsa, Nigeria

Dr Sampson Twumasi Ankrah



4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 4/7

Dr. Sampson Twumasi-Ankrah
 Kwame Nkrumah University of Science and Technology

Kumasi, Ghana

Asst. Prof. Nisarg G. Gandhewar 
SB Jain Institute of Technology

Nagpur, India

Dr. Manoj Khandelwal
Federation University

Ballarat, Victoria, Australia

Dr. Taimur Sharif
Newman University

Birmingham, UK

Dr. Tinni Dutta
University of Calcutta

Kolkata, India

Professor Dr. Jacob Oluwoye
Alabama A&M University
Normal, Alabama, USA 

Dr. Benjamin D. Sookhoo
University of South Florida

Tampa, Florida, USA

Victor Eyo Assi
University of Uyo

Uyo, Akwa Ibom, Nigeria 

Dr. Bid D. Dhrubaprasad
Sarvajanik College of Physiotherapy

 Gujarat, India

Dr. Ankit Bhargava
Consultant Physio & Fitness Expert-Wendt India Ltd. 

India

Dr. Manoranjan Tripathy
Dev Sanskriti Vishwavidyalaya

Uttarakhand, India 

Asst. Prof. Abbas Ar. Mohamed
PMBAH National Guard Health Affairs

Al Madinah Al Munawwarah, Kingdom of Saudi Arabia

Asst. Prof. Nurul Mohammad Zayed
Daffodil International University

Dhaka, Bangladesh

Prof. Dr. Hasibun Naher
Brac University

Dhaka, Bangladesh

Davis Ojima J.P. Bursar
Ignatius Ajuru University of Education

Port Harcourt, Rivers, Nigeria

Dr. Okogwu Antonia 
University of Port Harcourt



4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 5/7

University of Port Harcourt
Port Harcourt, River, Nigeria

Dr. Garyfalia Charitaki
Hellenic Open University ( University of Thessaly )

Volos, Greece

Dr. Munish Kumar Sharma
University of Alberta
Edmonton, Canada

Dr. Niyonzima N. Francois
Deputy Vice Chancellor Academic and Research INES

Ruhengeri, Rwanda

Dr. Srishti Sharma
M. Patel College of Physiotherapy

Gandhi Nagar, India

Professor R. K. Mathukia
Junagadh Agricultural University

Junagadh, Gujarat, India

Professor Hamid Ali Abed Al-Asadi
Basra University

Basra, Iraq

Dr. Firas Abdullah Thweny Al-Saedi
Nahrain University 

Baghdad, Iraq and Private Researcher, New Jersey, USA 

Dr. George Fuh Kum
University of Yaoundé I

Yaoundé, Cameroon

Professor Mohamed El Houseny El Sebeay Shams
Mansoura University

Mansoura, Egypt

Dr. Peter Ashlame Agu
Nasarawa State University

Kef�, Nigeria

Dr. Asadullah Baloch
Mir Chakar Khan Rind University

Quetta, Pakistan

Professor Ignatius Isaac Dambudzo
Zimbabwe Open University,

Harare, Zimbabwe

Professor Hamid Ali Abed Alasadi
Iraq University College

Basra, Iraq

Dr. Ammar Daher Bashatweh
Independent Scholar

Irbid, Jordan

Subrat Kumar Mahapatra
Central University

Santiniketan West Bengal



4/17/23, 10:42 AM Editorial board -

https://www.ijscia.com/editorial-board/ 6/7

Santiniketan, West Bengal

 Dr. Xiong Chen
Hubei University of Medicine

Shiyan City, China

ISSN: 2708-7972

This work is licensed under a Creative Commons Attribution 4.0 (International) Licence.(CC BY-NC 4.0).

Navigations

About IJSCIA

Editorial Board

Achives

Research Areas

Ethical Guidelines

Article Processing Charges

Submit Paper

Payment Link

Download

Sample Paper Format

Copyright Form

Support

Contact Us

F.A.Q



280 Available Online at www.ijscia.com | Volume 3 |  Issue 2 | Mar-Apr 2022
  
 

 

 
 

 
 
 

 

The Role of TGF-β in the Pathogenesis of Type 1 Diabetes Mellitus 
 

Ike Wahyu Triastuti*, Roedi Irawan, Anang Endaryanto,  
Nur Rochmah, Muhammad Faizi 

 

Department of Paediatrics, Faculty of Medicine, Universitas Airlangga  
Dr. Soetomo General Hospital, Surabaya, 60286, Indonesia 

 

E-mail: ikewahyu.pediatri@gmail.com; roedi.dr.rsds@gmail.com;   
anang.endaryanto@fk.unair.ac.id; nur-r@fk.unair.ac.id; Muhammad.faizi@fk.unair.id 

 

*Corresponding author details: Ike Wahyu Triastuti; ikewahyu.pediatri@gmail.com 
 

ABSTRACT 
Type 1 diabetes mellitus (T1DM) is a disease caused by dysregulation of the immune system with pancreatic cells 
as the targeted organ. The incidence of T1DM is increasing every year, with peak incidence at the age of 10-14 
years. Genetic susceptibility and environmental exposure play important roles in immune system disorders. The 
failure of the tolerogenic process is one of the foremost processes causing pancreatic damage through the 
molecular mimicry process due to repeated infections both prenatally and postnatally. An increase in the 
expression of MHC class II and co-stimulator will trigger a shift in the balance of the shape of T cells, namely an 
increase in Th1 and Th7 cell differentiation, but a decrease in the number and function of Treg cells. TGF-β is a 
cytokine produced by Treg cells that functions to maintain tolerance in the human body. A decrease in TGF-β 
levels usually appears in the pre-diabetes stage. This review aims to elucidate the role of TGF- in the course of 
T1DM. 
 

Keywords: T1DM; molecular mimicry; Treg;  TGF-β 
 
INTRODUCTION  
Type 1 diabetes mellitus (T1DM) is an autoimmune 
disease that mostly affects children [1]. Immune system 
dysregulation such as failure of T cell-mediated 
tolerogenic processes, imbalance of pro-inflammatory and 
anti-inflammatory cytokine production, and formation of 
autoantibodies are responsible for pancreatic cell damage 
[2,3]. The prevalence of diabetes mellitus in a decade will 
increase by about 100 million people [1]. Transforming 
growth factor-β (TGF-β) is a pleiotropic regulatory protein 
that is both suppressive and proinflammatory to the 
immune response [4]. TGF-β contributes to maintaining an 
effective naive T cell population through regulation of 
proliferation, homeostasis, and diversity of T cell 
repertoire [5].  
 
T1DM Pathophysiology 
The course of type 1 diabetes mellitus begins with genetic 
susceptibilities, such as polymorphisms in HLA, especially 
HLA-DR and HLA-DQ, and exposure to environmental 
agents. Recurrent viral infections both prenatally and 
postnatally, such as Coxsackievirus B1 infection and other 
enteroviruses will directly attack pancreatic cells 
specifically or through a molecular mimicry process which 
in turn involves the immune system thus damaging the 
pancreas [6-8]. The virus infects cells (not the pancreatic 
cells), then the peptide from the virus will be expressed by 
HLA class I which is recognized by CD8+ T cells. These viral 
proteins generally have the same amino acid sequence as 
pancreatic-cell proteins (e.g., proteins from Coxsackievirus 
B1 with glutamate decarboxylase) thereby triggering 
cytotoxic CD8+ T cells against infected cells and pancreatic 
cells. When virions undergo phagocytosis by macrophages, 
they are presented to CD4+ T cells via HLA class II, then B 
lymphocytes are activated and produce anti-viral 
antibodies and anti-pancreatic-cell autoantibodies [9].  

 
This dysregulation of the immune system results in 
insulitis, a condition in which the remaining islet cells 
contain large nucleated cells, some degranulated cells, and 
chronic inflammatory infiltrate. The chronic inflammatory 
infiltrate contains predominantly CD8+ cells, the remainder 
includes CD4+ cells, B lymphocytes, macrophages, and 
natural killer (NK) cells. Meanwhile, the number of 
macrophages (CD68+), CD4+ T cells, B lymphocytes (CD20+) 
and plasma cells (CD138+) decreases. FOXP3+ cells (e.g. 
regulatory T cells) and NK cells are rarely found in the 
remaining pancreatic tissue [10]. A decrease in insulin 
secretion leading to impaired glucose tolerance or plasma 
glucose surge occurs several months before the onset. 
Damage to pancreatic cells reaches 90-95%, only a small 
amount of insulin and serum C-peptide levels remains, 
therefore exogenous insulin is given to maintain blood 
glucose levels [10]. 
 
TGF-β on the Immune System 
The name transforming growth factor-β (TGF-β) comes 
from its function, which is being able to transform and 
promote cell growth. The TGF-β family in humans consists 
of 33 types of proteins according to their coding genes. The 
most studied clusters of the TGF- family are the three 
isoforms of TGF-β, namely TGF-β1, -β2, and -β3. The TGF- 
family has diverse roles in regulating cell proliferation, cell 
differentiation, wound healing, controlling the immune 
system, and a key protein in pathological processes in vivo, 
such as connective tissue disorders, fibrosis, autoimmune 
diseases including T1DM and cancer. TGF-β polypeptide 
precursor structure is composed of three segments, 
namely amino-terminal signal peptide, carboxy-terminal 
TGF-β family monomer polypeptide, and latency-
associated peptides (LAPs) [11]. 
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Transforming growth factor-β (TGF-β) is a pleiotropic 
regulatory protein that is both suppressive and 
proinflammatory to the immune response [4]. Several 
studies have stated that TGF-β determines the type and 
magnitude of the immune response against microbes, 
besides that it also plays an important role in maintaining 
immune tolerance and homeostasis against self-antigens 
and innocuous antigens in the stable phase. It is TGF-β that 
contributes to maintaining an effective naive T cell 
population through the regulation of proliferation, 
homeostasis, and diversity of T cell repertoire. Sometimes 
an incomplete negative selection process in the thymus 
will result in some mature autoreactive T cells reaching the 
periphery. This autoreactive T cell in the periphery whose 
number is controlled by TGF-β is called peripheral 
tolerance [5].  
 
The ability of TGF-β to regulate T cell proliferation 
depends on the status of T cell differentiation and the 
cumulative signaling pathway involved in cell activation, 
for example, TGF-β can inhibit the proliferation of naive 
CD4+ and CD8+ T cells but cannot inhibit the proliferation 
of active CD4+ and CD8+ T cells. The process of 
differentiation of CD4+ T cells into helper T cells 1 (Th1) 
and 2 (Th2) is inhibited by the TGF-β signal. Inhibition of 
differentiation of naive CD4+ T cells into Th1 cells is 
mediated by TGF-β expression through the activation of 
Smad2 and Smad3 transcription factors [4,12]. 
 
As previously mentioned, TGF-β is a pleiotropic cytokine 
that contributes to maintaining immune homeostasis 
through the proliferation, differentiation, activation, and 
function of effector cells of the immune system. Depending 
on the cytokine environment, TGF-β promotes the 
differentiation of peripheral CD4+ cells into anti-
inflammatory Treg cells as well as Th17 cells and pro-
inflammatory Th9 cells [12]. TGF-β also plays a role in 
promoting the development of Tfh (follicular helper T). 
TGF-β signaling induces the regulatory activity of naive 
Foxp3-expressing CD4+ T cells to pTreg. However, in 
conditions of infection when formations of many pro-
inflammatory cytokines and strong costimulatory signals 
occur, inhibition of Foxp3 induction through TGF-β will 
occur. This suggests that pTreg cell differentiation is 
modulated by the microenvironment, with inflammatory 
conditions that favor effector cells over the production of 
Treg cells [5]. Another role of TGF-β in the body that has a 
negative impact is fibrosis which involves the deposition of 
extracellular matrix (such as collagen and fibronectin) via 
canonical and non-canonical signaling pathways. The 
canonical pathway is a TGF-β signaling pathway involving 
ALK5-Smad2/3, while the non-canonical pathway involves 
TGF-β/ALK1/SMAD1/5, MAP kinases (ERK, JNK, p38), 
PI3K/Akt, c-abl, JAK2 /STAT3, and Rho-associated coiled-
coil containing protein kinases (ROCKs). Both pathways 
will work directly or in synergy with Smad protein to 
regulate protein expression. The active Smad protein will 
enter the nucleus and interact with DNA through binding 
to transcription factors (TF), co-activators (CA), and co-
repressors (CR) regulating gene expression thereby 
increasing the production of extracellular matrix (ECM) 
including collagen, fibronectin, CTGF/ CCN2, and α-SMA) 
and decreasing MMP protein expression leading to fibrosis 
[13]. An increase in the amount of TGF-β for a long period 
will cause fibrosis in important organs such as the kidneys 
and eyes resulting in complications such as diabetic 
nephropathy and diabetic retinopathy [14,15]. 
 
The Role of TGF-β in the Pathogenesis of T1DM 
Treg cells are activated in secondary lymphoid tissue-
derived from naive FoxP3-expressing CD4+ T cells with the 
help of the TGF-β cytokine.  
 
 

Treg cells, in carrying out their functions in regulating and 
suppressing both immune and inflammatory responses, 
produce IL-10 and TGF-β cytokines. Several peripheral 
tolerance mechanisms played by Treg cells include 
inhibiting T cell maturation by competing for binding to IL-
2 cytokines by IL-2 receptors expressed by Treg cells. Treg 
cells secrete cytokines such as IL-10 and TGF-β which bind 
to receptors on active T cells and reduce the activity of 
these activated T cells. The function of APCs is also 
inhibited by Treg cells through inhibition of the CD80/86 
co-stimulator on APCs which interacts with CTLA4 on Treg 
cells so that these APCs cannot stimulate T cells to become 
active. Treg cells are capable of destroying active T cells 
through perforin and granzyme secretion. Type 1 diabetes 
mellitus begins with the cells’ failure of the tolerance 
process towards self-antigens. This process is initiated by 
polymorphisms in MHC class I and II in individuals, 
resulting in autoreactive CD4+ and CD8+ T cells that 
recognize pancreatic cell antigens too strongly. When APC 
introduces antigen to CD4+ T cells, IL-12 is formed which 
causes polarization, causing CD4+ T cells to become 
dominant Th1 and increasing the production of IFN-γ 
cytokine. On the other hand, the number of circulating Treg 
cells will decrease [16]. 
 
The following are some studies examining TGF-β in type 1 
diabetes mellitus. A previous study by Azar et al. [17] in 
children with T1DM, T2DM, and controls who had normal 
plasma albumin levels succeeded in showing comparisons 
of TGF-β levels. The study showed something similar to 
this study, namely serum TGF-β levels would decrease 
significantly and the levels were lower in the T1DM group, 
especially those that have been diagnosed for more than 2 
years [17].  A study by Ishigame et al., 2013 showed that 
the absence of a TGF-β signal on T cells in the thymus 
resulted in polarization, resulting in increased Th1 cell 
formation, whereas Th17 cells and Fox3+ Treg cells 
decreased [18].  
 
Deletion of TGF-β signal on effector CD4+ T cells through 
TGFβRII ablation causes increased production of IFN-γ 
cytokines and polarization towards Th1, disruption of Treg 
cell homeostasis which manifests into T1DM (18). A 
similar result is shown in a study by Roohi et al. [19] 
claiming that TGF-β levels in the T1DM group were 
statistically lower than those in the control group. In a 
meta-analysis study, the result showed that the serum 
levels of TGF-β in the T1DM group were lower than in the 
control group [20]. A different result is shown by research 
by Zorena et al. [21] regarding the relationship between 
serum levels of TGF-β1 and the duration of illness of T1DM. 
The results showed that there was a statistically significant 
relationship between the duration of illness of T1DM and 
an increase in serum TGF-β1 levels. Patients with a 
duration of illness of more than 15 years who have 
elevated serum TGF-β1 1SD levels will have a 25% 
increased risk of microangiopathic complications.  
 
A study of TGF-β as a diagnostic tool to predict the 
presence of diabetic retinopathy in T1DM stated that non-
proliferative diabetic retinopathy (NPDR) patients had 
higher serum TGF-β levels than T1DM patients without 
diabetic retinopathy, while the T1DM group without 
diabetic retinopathy had higher TGF-β levels than the 
control group [15]. Factors that affect TGF-β levels include 
renin-angiotensin inhibitor agents, good glycemic control, 
normally controlled systolic blood pressure, statin 
consumption, nonsmoker, and a low protein diet. [22]. 
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TABLE 1: Comparative literature on the role of tgf-β on t1dm pathogenesis 
 

 
CONCLUSION 
Type 1 diabetes mellitus is an autoimmune disease that 
destroys pancreatic cells. This damage is mediated by the 
failure of tolerogenic processes that are influenced by TGF-
β signals, namely by polarization differentiation of T cells 
towards Th1 and Th7 cells, while the number of Treg cells 
decreases. Failure to tolerate pancreatic autoantigens 
results in insulitis, a condition in which the remaining islet 
cells contain large nucleated cells, some degranulated cells, 
and chronic inflammatory infiltrate. The chronic 
inflammatory infiltrate contains predominantly CD8+ cells, 
the remainder includes CD4+ cells, B lymphocytes, 
macrophages, and natural killer (NK) cells. The islet cells 
remaining in the pancreas are usually less than 20%, 
therefore unable to keep insulin-dependent metabolism 
working properly, as occurs in T1DM. 
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